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DESIIN CF ri AROUP CF MILICANY TIMSS) ARIMTS 
ite “ENPTAGIZ0N LOITeTTOAL SIONOMY 
in « o 
4d. IRTRODSTION, . 
- he Sabject - The subject of thie theeis is the development of 
‘@ design for the more coumon military timber bridge structures which 
might be utilized by the U. 3. Marine Vorpa with the speelific in- 
tent. of effeating standardization to the fullest practicable extent. 
Be Bistery ~ Military briteing operations follow a general 
pattern dictated by doctrine born of practical noeessity. When in 
the courge of combat a stream crosaing ise ensountered, the structure 
dnitially employed to provide wore or less unrestricted vebioular 
passage is usually a prefabricated bridge such ar the fixed panel 
taype Bailey Bridge or the floating type ponton bridges used #0 ex- 
Rensively in Yorld Yar Ii. These structures are designe with a 
view toward repid srection under edvereo combat conditions end adap- 
tebility to a wide range of elite conditions. After the advance hae 
progressed forward suffistently a semi-permanent bridge is constructed 
end the prefabricated bridge diementled for further use in direot 
euppert of the combat operations. #hort spen seui~pernenent bridges 
are also frequently used in tho improvement of mein supply reutes 
‘© eroes narrow gulches and revines or minor drainece channels. 
These comi-permanent bridges are commonly aade of timber due to its 
ease of febrication with the tools ordinerily available to the con- 


structing treops, Pn @ 
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Am the past timber bridges have often been designed by the 
person direetly in charge of ite construction according to the 
eite conditions being confronted and the materials available to 
him at the ties. Thie meant that the time required to design the 
structure oecurred after the job was oncountered, often as not the 
@esign was by “rule of thumb" processes, the desicn was forced to 
fit the available materinls and the construction procedures were 
aevised on the “individual preblem" baais. These undesirable 
consequences wore roedily recognized and as a result etenderdi- 
@ation in certain respects waa inatituted to varying degrees at 
levele ranging fra the construction unit to the engineer officer 
responsible in a given area cf operations. However atandardization 
in the @ain has alwaye been limited by availebility of materials 
eas oppose! to maxing specific timber materials in grade, aize, 
length, eto. available according to the requirements of a standard 
design. 

GO. Chjective —- The objective herein is to pradesign as far 
ae practiceble the seui~permanent timber bridges whic! are most 
@temonly euployed by the JU. 5. Marine Jorps in military operations 
@ecordine to the varying demand cf traffic capacity, load capacity 
ana aite cenditione; and to determine the extent to wrich stenderdi- 
@ation of conetructicn details, structural design and cosponent 
@aterials revuired is feasible. In so doing it may be possible to 
Meprove efficiency in construction by training erection crews in 
‘the fabricetion of standard joints ani deteils, to produce the moet 


@conomical but satisfactory design by deliberate predesign acoording 
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IT. s00re - 
AS Pypes of Bridges = Though many types of bridres are used 
for senierermenent inatallations in the combat zone, the timber 

troatle bridpe ia by far the most prevalent. This ie due to the 
fact that euch e structure requires the least ezount of material, 


ft 18 wost easily and quickly constructed and ite suitability to 





a@ perticular sito ia not limited by the totel spmn leneth of the 
éF0wsing. The trestle bridce ie arplicable to those sites thet 

afe dither dry or the streams are comparatively eellow, slow-moving 
ahd herve a rensonnbly firm bottom. Fortamately these requirements 
are met in many crossings. In those instances where tre nature of 
the @ite precludes the use of a trestle type structure, some type 

Of truse bridce may be suitable. flowever if the required truas 

is @nything more than a simple short span truss, it is ueunlly the 
practice to put in a fixed panel tyne bridge such as the Beiley for 
semi-vermenent eervice. Inasmuch as the primery interest here is 
standardization, the types of bridces to be coneidered will be limited 
te those which occur frequently enough to cause standerdization to 
be profitable; i. «., the timber trestle construction end simple 
tFuse bridcea of limited a-an practicable for timber construction. 
-« Ginee the structural design of a timber trestle bridee is not 
a function of ite total span length, there is mo limitetion in apan 
fer this type of construction to which standardization will not be 
applicable. However in tho case of truss type bridves only those 
Span lencths will be investicated that can be eowatructed from tim~ 


bér@ required in the trestle strustures it being felt that lonrer 
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pans will be of sush infrequent occurence that considerations 

of standardization will not be worthwhile, The limiting spen- 
for truse bridges will therefore have to be determined as the in- 
Vestication proceeds. — 

.», Be Leal Japacities ~ The nature and magnitude of loads te 
be carried by military bridges can be predicted fairly well be~ 
@ause they will be used almost exclusively by steniard militery 
Vehicles whose maximum groes weights and configuration are known. 
During the greater part of world "sr IT it was common prectice to 
build main supply routes to a ceapecity of 35 tons lane. This 
particular capacity limitation was due to the fact thet the 
heaviest commonly enccuntered load wee the ‘eneral sherman” type 
tank, nominally a 35-ton vehicle. joutes deaending heavier load- 
@arrying capacity were infrequent encugh and occurred at such 
pieces se to permit apecial coneideration cf bridging » reblemes 
without the pressure of extreme military urgency. lowever the 
evolution in tanx design during the latter pert of eerld sar I 
and since hes cranged the situation somew'at. First the Sherman 
was modified to improve ite fire power end in so doing its fighting 
meight increased to approximstely 37 tons. Then the “sensral I atton" 





tank of approximately 46 tons groas fichting weight wes introduced. 





Ih the light of experience in the Noreen war this tank enpesrs to 
bo supplanting the Shermen as the principle armored veticle for 

general purpose combat use. Therefore it seems tiat a route cope- 
city govorned by the loads impooed by the heavior Patton tank ill 


in the futurs come to be the usual requirement rather than the 
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Special case. Ther@ aro relatively few vehicles empleyed in com 
bet by the Marine Jorps beten the 37=-ton and A4é—ton weight elasa 
and therefore on those routes which the Patton tanks will not be 
used, the %7<ton capacity is still a reasonable upper limit to pre= 
wide for the transit of all other common military traffic including 
the lighter Shermans. Hence from the point of view of etandardiza- 
tion, bridyes of two load enpacities will be dealt with; that Which 
will carry up to and including the Sherman tank and thet whith will 
earry the ‘atton tank, 

~~ Qe Treffie Ospacity - Military bridses providing, a meens of 
etreem crossing generally have a maximum of two lanes; one in either 
@irestion. Cn many oecasicns single-lane brides are built as is 
the case wher the hichway is limited to oneeway traffic for military 
reasens. In those iectated instances where more than two traffic 
lanes are recuired at a single eroseing point, separete bridges are 
butlt sufficiontly distent from each other to preclude complete 
traffie stoppaze by 2 single hostile atteck, For these reasons, 
the proposed standard design will inelude only single-lane and 
double-lane bridres, Yrom practical considerations it is probable 


that the trusa design will be further limited to single-lane bridges 


<0 66 Gee 6 OO” = ——-F —™ een ; 
waste Aeeine walt! Sl daet- 0 Ve) comet oer Gators oar fe Bee 

Jie tie ee ett ©! ee eee ieee hee, 
a en ee 
ee ee ee oe 
ee eT 
OO oti ile ci I> 1 ot! ——— 
a eee ee ee | 
- ne oe 
“te ee > GE: BaD IE omtnte - emer wert ap 
ee 
al et Oe ee eet ree Bere - 
CUED ke WaT CTE Ce friendly ©) Qe 
STAs eel Ged er Ne Teeretons teil crow 
eee he 1s ee, Melty ST ee +e ee 




























J 





- DESIGN GAITEAIA 
= A. General = Insofar s@ practical end except in those in- 


| tents medi risetions are deaped neceomry WENEse of mibivery 






dona derations, the smerican Assosistion of Wtate fighway Cfriciale 
| Gtanderd Gpeai fications for highway arideee ead National benign 


| for Ftress-grete Lumber and Ite "aetenings will »overn. 
; Ve}. finse the light Wridge is to be de- 


| B. Design Vehicles - 







signed avscifionlly te pass the Jhemman tame #6 wll ee easy vehicle 
ecual or hess croes wrirht it ie appropriate to use thet tenk as 
the Wesien vericle (Pig. 1). It bas « @rose weight of 74,000 rounds 
Aletri buted en two tracks thet are 94 inehes center to canter. Sach 





tack is 16 1/2 inches wide with a ground contact lenrth of 147 
inches. This results in a uniform ground preseure of 15.25 pounds 
per inch for a length of 147 inches. 3uch a design vehisle will 
pose the moet severe loading with regard to bending and abear in 
@tringere and floor bewms as well as stresses in bents abd trusses. 
However tho well distributed rature of the los! tue to the trecks 
deee not produce a critical condition for @Lreases in the deek. 
Therefore it fe necensery to select » companion wieelad vwhisle of 
equivalent gross weight to be used for lesign in thie instance. 
There 1¢ no particular wheeled vehicle of approximately 5/7 tons 
gFoss weight whoee use is sufficiently widespread to warrant 
selection as ths limiting vehicle to be ;assed by the light bridge. 
However the hypothetical I 20-8 16 truck of the A.A.!.1.0, affords 
a wheeled vehicle of approximetely the revuired weicht waknitude, 


And the use of this loeding for the deck design does not seem 
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74,000 |b. 
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Fig. 1 Design Vehicle for Light Bridge 





Fig. 2 Design Vehicle for Heavy Bridge 





unreasonable inasmuch as it produces a major wheel load of 16,000 
pounds distributed over 20 inches of width a5 compared to a wheel 
Yoad of 14,900 ~ownds on an effective width of 26 inches found on 
one partisular military vahiele in the 35-40 ton weight range. 
> @imilarly the Patten tank (Iig. 2) will be used as the design 
Wehiele for the hoavy briige. iiowever in order to anticipate future 
modifications which inevitably result in weight inerease, a rose 
weight of 110,000 pounds inatend of the ourrent fightine weirht of 
92,590 pounds ie coneidered more arpropriate for design purposes. 
Thie tank has two treecks 110 inches center to center which are 24 
Maphes is, width and have a ground contast length of 152 inches, 
It produces a unifora cround pressure of 15.08 pounds per square 
ineh and a uniformly jistrituted lond for sach track of 352 pounds 
per inch, Again the companion wheeled vehicle for design will be 
cal truck=tractor with semi-trailer of 108,000 pounds 





groes weicht proportional to the E-S loading of the A.A. e..@. 
Sach e design vehicle with a maximum wheel load of 24,000 pounds 
diatributed over 30 inches of width compares favorably with 22,900 
pounds on an effective width of 32 1/2 inches encountered en one 
particular ailitary vehicle, 

> Width of Roadways - The required clear width between 





gure timbers for the single lane light bridge is determined by 





vou es 
Qssuming that the enximua overall width of vehicle to use the bridge 


. La | 
to be 102 inches and permitting ea 24-inch aarginal clearance at 





- a pet | 
each Gide, Thies results in a clear width of 150 inches or 12 1/2 





ell ; \. —7 | 
foot. For the double lane bridge two 102-insh vehicles are 


— »*sF 
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assumed to pass each other similtansously with each having a 12 inch 
marginal clearance and a medial clearance of 36 inches vetwaen thee. 
‘Thus 8 total of 254 inches or 22 feet of clear width 1s recuired. 
«Tn the case of the heavy bridge the seme cleerances as weed on 
‘the light bridge aFe applied but the desion vehicle is taken as 158 
‘QWiehes in overall width. This retufres for a single lane bridge 186 
4nohes Or 15 1/2 feet of clear roadway and for e double lane bridge 
‘39 theres or 28 feet of clear width is needed. 

“p. Other Design Loads = Dead lomd will consist of that portion 
of the woicht of the structure by which any particular member is 
“gtreesed. The unit weieht of lumber will be taken ae 4O pounde 
‘per cubic foot. This figure provides adequately for the use of any 
“gtrese--rade luuber marketed in the United states which is ina 
dried state (15 to 18 per cent moleture content). Nominal dimensiones 











‘Wilh Be used in computing dead weirhte as a matter of convenience 

‘ gince the error incurred is insirnifioant and dead load rarely affects 

“the required size of meaber drastically. 

"" Twpact stresses will be computed as 30 per sent of the stresses 

“Hue to live load. Tris followa the 4.A.5.".0. specifications which 

“Fequire that impact stresees be computed by the formula I = 4 . 
| L + 125 


ae ; 
_ where I is strees due to impact, 5 is live loed etrese and |. is the 


— Lesded ppan length in feet required to produce maximum etreas, I!ow- 
_ @¥er the waximm impact fraction 1s limited to 30 per cent which 
~/M@Wd require that the loeded length he in excess of 41 2/3 feet to 


_ Feduce the fraction, It ie improbable that span lengths of such a 
Consequently 





magnitude will be used except in the lonser truss bridges. 
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the 30 per cent factor is both convenient ac well ac conservative, 
_»  #ind loads will not be considered in the trestle bridges as 
stresses produced by wind on that type structure are consi dered 
Negligible in view of the relatively enall surface arses presented 
te the wind. In the ease of truss bridges A.4.).¢.0. sceeifications 
regarding wind loade wid be followed. 

_ We loeds other then dead, live, wind and impact will be con- 
eidered. 

Be Allewable Unit Stresses - In order to pain full advantage 
of reletively precise engineerin: design, stresa-erade lumber with 
a.fixed allowable working stress must be utilised. Sinem allowable 
working stresses vary not only with species of lumber but aleo with 
the several grades of a given species, it seems advieable to develop 
the standardized design based on the species and grade most likely 
to be available in military operations end then attempt to devise 

6 method for determining required member sites when using lwuber of 
a different allowable stress, Douglas Fir end Southern Pine are pro- 
duced in greater voluae than other domeetic snecies and mre trerefore 
oonsidered most likely to be available for procurement and ultimate 


use in combat ereas. Furtheraore it would not be fetel to use a 





higher grade lumber then recuired by the design whereas # lower grade 
would be dengerous, Consesuently the selection of allowable stresses 
applicable to one of the lower gredes of there two species would be 





a sound choice, Examinetion of the mllowble unit stresses as spesi- 
fied in the ational Desipn Speeificstion for Stress-?trade Lumber 


and ite Fastenings indicates that use of the following listed stresses 


il 
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in the basic design will permit the safe use of acet of the strees — 
grades of Douclas Fir and Southern Pine: 


Allowable Unit 3treseses : {pounds per equsre inch) 
“Retrone fiber in bending 1600 | 
A A operwer te grain 1600 
: shear — 120 . 
nteuhoen perpendicular to grain L455 
parallel to grain 1199 


Agvording to the provisions of the National Design Specification 
these sllowmble unit stresees are applicable for normal loading con- 
aitivons, Normal loeding is defined as the applicetion of the full 
meximm normal desien load for a duretion of approximately three 
yonPe of cinety per cent of the full ueximum noraal ‘esign load 
continously t>rouchout the life of the atracture without encreach- 
ing on the factor of safety. In those instances where the duration 
ofthe lesd ie liwited, certain percentare increests sre allowed 
itethe allowable unit stresees desending uzon the lenzth of time 
the particular loei is expected to be sustained. 

| Ke previously stated the proposed deaien will be based on the 
support of dead, vehicular, wind and impact loads only. with recard 
to duration, dead load comes within the ecope of normal loading eon- 
ag@fiene if the expected life of the bridge is not over three years 
which ie reesonable in military censtruetion. Therefore the allow-~ 
eble unit stresses are applicable without any inoreacs being pere 
mitted. Though the specifieations permit an inorsase of 33 1/3 
per cent for wind, Howard J. Hansen in hie "Timber “ngineering Man?- 
book” indicates that for lomdings not exceeding a duretion of five 


minutes on increase of 5O per cent should be persissible and cites 
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wind leads ae comins within this eategary. [his apparent inconeie~ 
tency may be reconciled by the fact that the 33 1/3 per cent indi- 
@eted in the specifications ie astually the persitted increase for 
a load of eight hours duration whereas wind loads are ordinsrily 
based = the highest susteined wind velocity for s peried ef only 
five Ts as determined from data of the VU. &. Seether Bureau. 
Consequently the epacifications conservatively plece wind loade in 
the eight-hour duration catercry while Hansen clasees it mere 
properly es having ea duration of five minutes end therefore worthy 
ef greeter increace. Accepting the plauasabllity of a permissible 
dmorease of 50 per cent for leats of less than five rinutees duretion, 
@uch an inoroase can be justified for vehicular leeda since the 
etreases induced at a point in the structure may be considered es 
mot persisting for veriods in exsene of five minutes if the vericle 
maintains motion. The applicability of a 50 per cent increase for 
moving vehicular loads is further substantiated in publications of 
the Department of the Army dealing with design data for military 
Rdmber bridges, In the onse of maximum atresses due to impact, the 
specifications permit 100 per cent Increase in the allowable unit 
atresses. 

‘To recapitulate then, in the proposed design the ellowable 
‘wet stresses previously selected will be subject to increases as 
indicated for qaximm design leais of tho fellowing natures 


‘-* Dead Load - Of 
“ind Load - 5C% 
<< « Vehicular Load = 50% 


Tlepest Load - 100% 
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sm sonjunction with the use of steel puseet plates and bolts 
in the joint detoile of the trues bridges, the following allowable 


ey ca Mosk ee be mand 


=" Allowable oe one: (pounds per square inch) 
> * 
Axial tension on net section 27,000 
ss Gompression in splice material 24,000 
Sheer for unfinished bolts 
_ with washers under mats 13,500 
Benring, single or double sheer, 
es for unfinished bolts with 
washers unier nute 28,125 
—— 
te” ttl have been talcen from Devartmett of the irwy publi- 
t= ewe 
eations an! thourh somewhat creater than those found in American 
| ee 


Institute of Steal tonstruction apesifications ere in keeping with 
the practice of reducing the weual sefety margin in militery con- 
struction. The basic dlowsble stresses in shear and bearing for 
unfinished bolts as riven in the military references are 12,900 
potinds and 25,000 pounts per square inch respectively. A Purtbér 
{ivrease cf cne-cighth has been injected with the etipulation thet 
washers will be used unter all mute in such a manner that the un- 
threaded shank of the bolt will extend fully through the gusset 
plates. This follows from provisions found in 4.1...:. apecifica- 
= Governing Oesign Loads - From the point of view of desaign- 


it — - 7 
ing or eslooting a wood member adequate to resist a design load of 
jee 






magnitude, the required eroas—eeotional nroperty of the member 

is = fumetion of the totel design loed divided by the allowable wnit 
> >. 

streas, This ie true irrespective of whebher the strese function is 


a bending strees, an axial stress cr a shear stress. For exemple 
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this relation may be expressed for the cases mentioned ac follows! 
ae ae 2 (for axial tension) s= 3 ( for st ceed 


in which the fevdi rel es ee propertiss of the member are 








's, ‘the section modulus end ‘ the oe aree; the apd tea 


- 
Detlen lomda are My berating moment, % tenaile lead and V, shear; 
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nk working ttre nees are f, allowable strese in extreme fiber 
y- & : to bending, 4, allowable tensile etreee, and if, allowable hori- 


‘toeet 
sheer , pian — Ladcing the general case where X is the re- 
2 


quired cronsnnect ional property, 2 ia the total deaign leed and u 
=*@- 7 
is the allowable unit, atrese, the relation is expressed thus: 


a x= D 


Let Dnzs Orye Ay, aad By represent the maximum djeaign loads for dead 
load, live load, wind = impact reapectively. Then according to 
the various rormiesible increases of u for the different types ef 


rte ~~ 
'@ we have: 


¥ 3% vx f a M+ Pr 
and the reauired X is the largest ef the three. These expressions 
may be rewritten as: 7 ~ 


tyr ld = 


TE Win be seen that ths Fd value of X ie governed by the larg- 













Whi of { tee ts. axgre selene fas 6 2/3, (Do. + opp * By) and 


i? (>, + Diy * DB, * Dr). Mow let us exawine the reletive narnitudes 


of these three composite loads, 
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5 kway, > 2/3 Poy * Pt + Pw) 
Then 595, > yy + 2, * 2% 
fe Meo Dy, > 2D + 2% 
Trike states that in order for dg to be greater than 2/3(Gq, + ty * >) 
i% de necessary that Dy, be creater than twice the sus of 9,, end Dy: 
‘Thie io isprectianl in any reasonable desicn even if D, is nexlected. 
Therefore it is coneluded that in any reasonably econouicel design 
Xq will be creater then % . 
flat let us compere 2/3( Day, + Du, * Dy) with 1/2(dy, + Dy * Ov + BI): 
 Meoume 2/3(Da, + My * Py) > YD, + UL * ™ * By) 
— tine ©, = Se) Ru. 
Then 2/3 Day + thy, * Ww) > 1/2 Dy, + My, + % + 0.30LL) 





ll HD, + D,, * Dy) > 3(D>,, + 1. =m, * OF) 
i Se ee 
Game + 


“Dy, * 9.1, + WW > oO 

This dates that for 2/5(D.,, + Bi, + By) te de crenter than 1/2(Dy, 4 
Dit * By + Oz) the smi of Duy, Dy, end 01D), must be Croater than zero. 
This cbviously will always be true azain even if DB is neglected. There- 
fore Rj will be greater than Xx end will be the grestest of the three. 
| ‘fhe conclusion is thet the dasign of wood members can be based on 
athypOthetics] design load of two thirds of the sum of desd lend, live 
logd, end wind load using the allowable unit etrosses without modifi- 
cation and the resultant structure will be sdecuste for the loads of 


various uration. 
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TV. DSSIoN oF FLOOR SYSr= 

AL Dating - In the interest of sta-derdization it would be 
‘@estrable to have the anne deck for all the brides under inveesti- 
gation. The design of the deckine will therefore be effected with 
thie objective in wind. 

'" We deek will conslat of two leyere of lumber; the bottom layer 
Yo We teck proper which provides the etrudturnl restetance to the 
Btresees protuced by the traffic lonts and the tor larer ia the 


woearitr course whose crimery function 1s to rrotect the desk from 





@ema @ which micht be inflicted by the using traffic. The wearing 
‘Curse 13 chnaidered essecially necessary in wilitery brid-es because 
Of the relatively high ineidence of tracked velicles mmonr the using 
traffic which ineur unusually severe wonr on deck surfaces. The 
Wearing ocurse incidentally helps to 4ietribute the wheel leads 
Yornpitudinally to the deck croper when favorably orifmted but exact- 
ly to What extent the distribution te enhanced in pertisouler arranre- 
‘ment is difficult to determine, If the planks of the wearing course 
ure orfented loncitudinally ths loa! distribution will be duproved 
#6 the greatest extent. At the same time ouck an arraerement incurs 
‘a hezard should cne of the planks become loosened under tho sation 
OF trarric and hend up above ths floor surface. If the planks tre 
plated dinronally across the roatway, the loal distribution 1a de- 
“Greased somewhat but probable tasare to the flooriny resulting from 
‘a Yoone plentc will aleo be reduced. For this reason tho latter 
‘arrangement is deened more dostrable. 

“The deck proper may be constructed in several different ways. 
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Three commonly used types of allelusber construction are the plank 
deok, the lasinated deek and a feck consisting of ton and groove 
er aplined cr some other well-deweled fabrication, 

. The tongue and greove cr splined deck haa the edvantage of dis- 
tribating the applied wheel lead longitudinally more effectively than 
the other <ypes. However the use ef euch a deol in wilitery bridges 
ie not considered practical for the following reasons, The erlines 
er the ton, wea would not gtand up under the usual handling whieh 
esours in jetting lumber materiale from tho «alll to the eite of 
military cperaticns, In order to be effestive the joinine fit be- 
tween plarke muiot be near perfect and eueh practices ae open storere 
in the comtat zone might produve either swelling or anrinkepe te 
aush an extent ae to preclude this. uch materials also reguire 
mere eare in placing end therefore teke loner te rut dewn. Jone 
ve this type deck will not be ecnsidered further, 

The lawinated deek, which eenaists ef nerrew plenke laid on 
edge without interval, tas the advantage of eombining fair lend 
distri bution with the required structural stremrth for heavy wheel 
leads, The wheel load ise commenly aesmed to be distributed over 
a width of 15 inches in the direstion of trevel when the lavineted 
deck ie overlain with a flexible wearing course. Taxing inte eon= 
sideration the stiffness cf a timber wearing cecuree, inorenasing 
this distribution by one third te a width of 2) inches seems justi- 
fied. Frome military point of view the laminated deex has the 
dieadvantaces of requiring too long to place and presoanting a eslid 
surface which does not permit sufficient drainare of the deek, 
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The plank deek, whieh has been used extensively in militery 
bridges in the peat, sppesre to offer the most suitable compromise 
in the various considerations of structurol strencth, load distri-~ 
bution, drainsra, speed in placement en! ability te withatend reuzh 
handling. The limiting feature of the plan: deek fs the longitudi- 
fal distribution of the wheel lord, The usual assumption is that 
with a flexible wearins course tho entire wheel load ia diatributed 
longitudinally over the width of cnly one plank. Nowever it does 
not appear unreasonable to nasume, ir the cese of a surerimponed 
timber wearine courses laid disrerally, that the full weel load may 
be sorsiterad as distributed over the width of two planks, A 
unique sdventace is found in the plans deck with regerd to drainace. 
Ginee its load resisting anpscity doen not gewand the direst eontact 
of adjacent plenka, the plane of the dock proper es well as thoes 
of the wearinz occurs enn be ledd with a seall intervening spece 
tO sllow slmcat immediate esnepe of rain water. The prevention of 
pending en the floor surfece in rather important because saturation 
of the wood decroeces ite strencth. 

Up to thia point it ts concluded thet the flooring will cen= 
eiet of a timber wearine course leid dieronaliy and e deek proper 
of either a leminntod deck or e plank deck, whichever is mst ade 
vantareous from the ovarell point of view.’ 

Desicn of the deck entails the selestion ef e deck eastion 
end determining the onaximam effective gpen loncth over which that 
particular deek will eafely euprort the Jesicn wheel lead. whe 


secuently the strinzers are erranred in euch a menner an not to 


1» 











‘—IF Stree 8. & wo een 
yore iets fee 8 ee ee a ceed 
a ee ee ee Te 
own 8 aot ee aio pale 
one! Gh me tal © re sapere 
eer’ ers fa §"§ £4 WES & 
—* For eee ae ohoen aman 
-— ee oe ew. Ae ae are imei 
es § «© @e@ « o , ae’ 
eee? er te Oe Wie Ve! ee 
2 =e ee of were 
ee) er ee Ow Oe ok ee 
aie? sat oY tee =e ad iol 
tl i ee a 
re res Ue a eee ee 
rey er 8st fee nel eee ee 
Ot eee Geet eo ol ot a ee ws 
= ee ott 
Ded ee a ee eo 
Oe pt ee ee cms oe i 
2 Or at er ee eee 
a ee eee 1 
ed ee en eT 
OF 0” me ee ae Chime melee gett © 
<r ee eet ieee Ot ee eee 
Oe he ch Te ee np OS Sm 


s 








































violete the detereined medimun effeetive sean and the deck 1s then 
Gonsidered adequate. The effective sina lengthy of the desk le th 
a Linh anhepenalls atringore leew bel? Ube wifth of 

me stringer, {In computing the vending scownt emimed by the terion 
wheel load » coefficient to approximmte the otmtinaity of the devk 







40 introduced. The maximum applied moment is assumed to ve 
of the maximum moment if the deck were scting es a 
» bonm between suprorts. Wo lateral distritation of the wheel 
fond to adjasent deck spade is texen into escmmt, In covputing 
the weual prectice of i moring all losl¥ within one plank's 
of the theoretical support is also epplied. 
"pretbth regerd to selection of a triel plenk deck, the riank 
@houll2 be rather wide to provide a substentiel seunt of struco- 
tural strength as well as to enhance placing efficiency hy pro- 
viding a larfe deck surface nrea per inlividusl niece hantled. 
The ae mast be sufficient to provide the etrustural etren:th 
nese to permit reasonable Htriager spacings. Qt above all 
the plank selected mist ve comaonly available for erosuresent from 
the ary" lumber industry in quantity. A 3" by 12" or 4" by 12" 
plank Fite. theee reguirenents fairly well end each will be used for 
& trial plank deck. Sith the seme considerations in @ind, e triel 
laminated deek will eoneiut of 2” by 4° strips on edge. 
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Allowable Unit Stross - f = 1600 pai BH = 120 pei & = 1,500,000 pel 
Limiting Deflection « 1/20 of span 

Assume dead load to be neglicible. 

Desicn “heel Lead - 


VLlevation 


= Wp, Ppa 


Bix 





°2, = 


L in 


Mun = ee * “a = Sy 


* neaign "4 (M13,) “2 ee = ae 


HM & Sf 
w LL 


3 = 6 x 160 





Aoplicable ohly when L<a 
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bepign 3 (Pu) “3 gy Cm = 0) =e (mh = 0) 
Ms af 

u = S$ x 1690 
“jg (Alaa) © - 


begs lee Fr 


Applicable enly when L>a 
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von “ ) 


“ a4) . “sy fhe 
Senet Gh? 3° ge = Mua Cea 


te 
‘Te 
I. = 2d + a * 


Applicable only when L <a + 2d 
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Yu = 2 (ua 4— ® 
Yoontn ~ 2 ("uu “9 *E(pea-$) 
v= 2 

Gc bw 4-9) = ess x 129 


L = w(d + 3) 
, T= 120A 
Applimable only when Ly5a + 2d 


Deflection - 
Wri, ped 





Applicable when L< as when L> a, result is conservative end 
Unless deflestion is critical will be e eufficient shes. 





DPIK Malan 


Try Plank Seek consisting of 5° x 12" deok proper end 2° x 12" 
wearing sourse, 


@eotional fropertiea - 


- eee a, 


b = 23 in 
AS bd = 23 x 2.625 = 69,4 in® 
$= ~_ = 2% « 2.625% = 25.4 in® 


t & pat © B35 B69? © 54.7 An! 
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LIGHT RIDGE NRAYY PLING 


esign wheel Lost - 
w= 16000 lb a=@® in wy = 24000 1b a = 30 in 


Ws, Se = 1g = SO ppt w= B= S009 = 600 pet 
Plexre - 


Assume L a = 2 in Aeoum L ff = in 
eR * IBM p= / 28600 
R LL 









= OF) + hy = 7 
m+ Sa ma 

= 29,8 in = 26.2 in 

ibe | a¢ 24 = 25.25 in Aomune L at 24 = 93.25 in 
L = 2a + A L= 24+ ge A 

= 2 x 2,625 + 2B x 60.4 = 2 x 2,605 + 22 x 600k 
= 25,4 ocvans! = 23,4 in aovan! 


Deflection « 


=o2.8in OK 


oh 
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Sx Flan 
a ee Ore a ae 


Geetional ‘roperties - 


en 1) ) ee 
ein 9} in® 


Teara swore in® 
1S ba = 25 x 6250 = 9145 tn! 


LIGHT BRIDar HUAVY BADE 


‘Design Whee) Load - 
We 16000 lb a=2 


min = i= Magn = e00 


‘Flexure - 
Aseime 1 2 = 20 in 


Leg + 2200 5 
= Bt 10 x Sout 
= 47.8 tn 


‘Sheer ~ 
Aomme 1, n+ 2d = 27,25 an Assume L a + 22 = 357.25 in 


b= a+ Ow 


W = 24000 1b a= 3 in 
oe = 800 roi 
“1 =2 ae PP 














= 2 x 5,625 + Bae x 85,1 


= 32.2 in gOvews ! 


= 41,2 in UK 
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DEGS eaTR 


Try Leminated Veo consisting of 2° x 4° on edge with 2° x 12" 
wearing ccurse. 


Seotional Froperties e 


eee 


b= 2 in 
A 2 bd = 202 3.625 = 72.5 -— 


8 = ya = 20_* ata = 43.8 in® 
ix 3 = 3 Ti4 an’ 
ae ee 
LIONT ARIVI PEAVY BRING 


DO¥ien Wheel Lond « 


B= 16000 lb a= 2 in 


Foe ie = 600 ppd 


Flexure <« 


w= 24000 lb a = ® in 


“Pp 


Aememo L a = 20 in 


L=%? Se s 
"2+ ie 4, 













2 42,8 in 
Shear = 
Aesme L. at 24 = 27.25 in 
b= mas 
ar ie 
= 16000 5.62 oes 





Admme L a= 5) in 

Le $+ 

=* 2 & 
F-wR<se 

= 3649 in 





Aomame L a+ 24 = 37.293 in 
buna + Fe A 


= 2 x $6605 > ge " 72.5 


= ae) in vUOVRRNS : 








«Be Stringers = #ith the saximum effective span length of the 
trial decks determined the atringera can now be desicned with thie 
limitation in view. It de apparent from an inepestion of the al~ 
termate design losda that the tank rather tean the weeled vehicle 
will dmrose the more severe condition in the strin-era for the usual 
panel lengths, Im deteraining the meximun aoplied bending moments 
no lengitudinal distribution to edjacent panels will be eonsidered 
but leteral distribution of the trask load to adjacent atringers 
will be approximated in accordance with the facters s ecified in 
the. AvA, 5.4.0. specifieations, The fraction of the load used to 
emloulete the bending moment ia L where iL ie the stringer apecing 
ieee 60 teeneners eeemins entnentinepenitiie 
lanes ani the type of deck. For s single-lane bridce ° is 4.00 
for a plenk deck and 4,56 for a 4-inch laminated deok; for a double- 
lene bridge + is 3975 fer a plank deck and 4,00 for 2 Aqwinch lami- 
nated deck. These fractions are considered appropriate even though 
they are specifically applicable to coneentrated wheel loads vhere~ 
as n umiforaly distributed track loed is being deslt with in the 
ease at hand, The fractions eontained in the A.A.5—..0. specifiea- 
tions were in all probability derived empirically for » aingle 
eoneentrated wheel load at aid span, for that ia the position in 
which the load would be placed to compute ths maximum bending moment, 
The fraction merely refloetes the fact that as the atringer under 
the eoncentrated load deflects end the deck also deflects, the 
@tringer ie relieved of rx portion of the load through the setion 
of the deck in reaioting the deflection. In ether worde sportion 
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of the concentrated lead is laterally distributed ta edjacent striag- 
ers by virtue of the stiffnesa of the dec’, Sow sn the consentreted 
lead is movad nwmy Crom the center of the sean towrd the end of tha 
stringer, tho defleetion decreases and therefore the ebility ef the 
deck to diatribute the lond iaterally is net fully weed. fer ax~ 
ample et the quarter peint the relief duo to Interal distribution 
fe eperoxiuately eighty per cent ef thet at the mid point. %o, for 
a uniformly distributed loed it is elirhtly inrecurnte to reduce the 
finteneity of load throuchout ite entire leneth on the broia of the 
reduction applicable only st wid spen. ‘tat it is felt thet this is 
sdequately courensated for by the fret thet no anelytica!) considers 
tion fs texen of the stiffnoss cf the wearing coures whieh in effeet 
improves the Interel distribtbtion at all points of the stringer epen. 
In conputing horizontnl shear in the strincere the seme derrea of 
Yateral distribution will be considered effective; hovever we COné 
within one stringer'se deoth of the theoreti2l suprert will ve 
eheocintel with srear at the neutrol axis. 

‘From the forervoing diesusiion recarding lateral distribution 
1% fm seen thet the size of the stringer required to euppert a per- 
tieuler loed will vary with the strinrer epacing. The etringer 
epecinz may be varied at will between a preaticn] minieum and the 
maximum effective desk spen. With stendardigation in mind it weuld 
be desirable to have the strincers for the various brides atructures 
all the same size. This may poositly be escomplighed b y using near 
aeximm otrincer spacine for the lirht bridce and the seme strincer 
at e clover spreing for the heavy bridce. Such will bo attempted 
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Am the subsecuent desiem, es 

— Abwo with regard to atrincer spacing it 4 probable that the 
‘Stringers tn one fanel will ‘ave to bo offset laterslly fron 
Otrinwers of adjacent ranele, ‘hie ie ~ecessary because the face 
Sf the euprorting seabery either a floor bens or a bent cap, will 
Aw eV probability not be wide enongh to provide euffiedent bearing 
area for strin-ers plaeet eid to ond. Ga ths other ‘and the curb 
vloeWeet either side of the oleer roadway, whieh must be celinwer 
for the entire lengt!) of the etructure, will no doubt be volved 
throurh to the ovteide strincera. Consequently the outaiie siring- 
era mist be in line ond te end deopite the limited ceering ares. 
fhie situation is not considered serious beesuse the cuteide etr.ocers 
@re not subject to the loads that the interior strijwoere must with- 
@tend due to the fect thet trafrie loads eannot be su -erimposed 1i- 
rettly ovor thes and yet for tie eake of uniformity they will be the 
@emo size. 1. is therefore conviuded that the stringer soacing, L, 
Sa @ particular cee] will be constamt frow le*t to right with the 
wxeeption of the right end space which will be L less one atrincer's 
treoadth. Tren in al jece tl panels the interior stringers will be 
@hifte left one stritger's breadth resulting 4m a constant spacing 
from right to laft except for the lef. end spece which will ajain be 
"9 Fn selecting the actuel turingst section the cermideretion cf 
lateral] wackling of the compression face mast le taben into ecouuat. 
Im tister dicen this if effected not by varying the €lloeable ocm- 


preeeicn diress @cwwrding to te span #05 weutionsl eprepertiae of 
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the beam but by stipulating the limiting depth to breadth ratio of 
the ben for verioun dezrees of Interel mu:port aecorded the come 
pression face, If the ratio of depth te breadth is 2 cr lees to l, 
no lateral support is required, If the ratio is between 2 and 3 to 
l, the ends of tne besm wast be powitively held in a For 
grester ratios of depth to breadth mere elaborate lateral support 
4e prescribed... In order to avoid lateral gupport of stringers al- 
together and attendant inelusion in the floor design of devices 
necessary to provide such suppert, stringers with a depth to breadth 
ratio no greater ther: 2 to 1 will be waed if practicablo. 

The panel lencth is assumed to be fifteen feet. Tris will 
perait the procurement ent use without cutting of alixteenefoot 
atringers wish ie a-comaerecialily availeble length, “reater panel 
lengths will entail sronertionately lerrer end iencrer atrincers 
end 46 to ferret thet strin-er eize Gimbers of over nixteon fect 
in length my be diffiewlt tea obtein in quantit : Prom a logistie 
onl point of view 1t would be difficult if net imponsible to dee 
termine the moat econoalcei panel length because of the many 
variables fuvelved. for these rensons fifteen feet bas been sen 
Lébted as the upper Limit of practical panel lencth for the pre} 
posed design. Furthermore this selection will permit use of lesser 
pene! lengths with the determined etringere without any daague 
should the altuation demand nn: 
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STHINGE NESTON 


Allowndle Unit Streas = f = 1600 pel N= 1% pal R= 1,600,900 pei 
Assume 15~Zo0t panels, 


Desicn Load « 


- lan levetion 


an = oa 9 ‘ppd 
. eB. 





let L = center to center epecin: of stringers in inshes 
Let 2 = acnatant Cor determining Isteral distrilution Craction 


MW», (for 2 * 4 «2 * = 0.1L 


Wy (for etringer) = 0.139L (eatimted same as for deek) 


Ky, = ¥y 1" = ee x 180" = 11271 
Me = “Lh x ws x 3 a a te . 


Mowstge * § (on « Mut) = | Tot + xl a6pe) | 1 
ed * chs | 2 Hoge), = | ost » Sisst | 





STRINGEH STON 


Wrz, Ppa 





Yo, = “nt * = 0,272 a so 5, 
> 


RE ae ee ae ee 
| "pesign ~ (VoL + Vib) © 3 (20 ‘oh 


Aza * * gag (251 + m= | o-2t + Sess] * 






rr as 
Pe ea a 
tahoe ai . 


Se = 
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For Licht Bridge, single lane, slenk deck ~ 


W = 74000 1d a = 147 in Qs 4,00 
nad 5.=| O4h7 + L = 9.02L 
Red A =| 0.21 + L = 5, hai, 


* : ' 

For Licht Oridce, double lane, plank deck - 
We THOOO 1b 2 = 3.75 
Rqd 8 = | Out + m -— = 


a = 147 in 


} L = 9.59L 





mad 8 [OR + rape | = SoSH 


For sake of standardization let slightly larcer reguirevents of double 


‘lane bridge covern for both structures, 
Required 





Assume curb blocks to be & inohes wide. 
Minisum Required Recuired Trial 

: 7 Section Area) = 8 
¥Yodniuse aiee 









Preacth 
prO( 185.3) S29.590L 2=3.60, bed nat Mite 156 nabieniel—-272 
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393.19 
335.60 





364 42 





149,204 
145.60 
142.96 
150.32 
154.68 
132.04 
127.40 
125.76 
120.12 
116,46 
112,84 
109 220 
105056 
101.92 


33 


10x15 
10x28 


10x16 
10x16 
10x16 
10x16 
10x16 
10x16 
10x16 
10216 
Bxl6 
8x14 
8x16 
82x26 


8x16 









98.8 
10x16 — 
10x16 (9320.40 


Sathj=1 257 31-154 
Sat hor] 20+ 30210 
Jat FELT s+ eh 
Set, 3021 52+ 22180 
het pt) Sis 275175 
het 36e 1hbs 242175 
bat 421 364 2160 
Lat $3152 2155 
hat 32% 12h 222150 
hat se) lt 2321 47 
Fat 351 GO+ 22-172 
Sat ape lyr 212156 
Sat We1hC+ 202160 
Sat? te) 35+ 19154 


















ani A= 166.25) 
end A= 147.25) 
and A = 116.25) 


gleer roadweyst Single Lene ~ 150 fn and Double Lene = 264 in 


Feseible Spacing 


Nouble Lane 


Eathiarhée 812277 
Sat4On240+ 30270 


6a. t Xas2 ep 2902263 
6st e220 282256 
Tar spE2gpr ZPe2kh 
Jat KE2524 268278 
Tar sae 292270 
Tart 322 2h Dhe2b2a 
6at35= 264 23287 
Sat 3222564 22276 
Bat 31=2hh+ 2271 
Sat 222K 225262 
Ont ART 2614 212282 
Ont 222521 2772 
Dat.2P=24 Ww 19262 
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AAR Sie 
For Heavy Sridse, single lane, planc deck - 
WwW = 110000 ib a = 152 in 9 = 4,00 


Rad o=| O47 « oe L = 12,871 
Rad A =| 6.21 + aor] L = 4,981 


For Heavy Bridge, double lane, plank deek « 
W = 216000 lb a = 152 in 9= 3.75 


Rad =| ok + Hoare L = 13,70. 
> cha hae ar lL = 5.30 


For emke of shanierdization Jet slishtly larger requirements of double 
lame bridse sevorn for both structures. 

Require? closer rocdways: Single Lane - 150 in and Double Lene - 264 In 
Asowne auirb bloska to te & inches wide, 



























oriel m Nequired Required Triel 
Stringer Strincer Sestion Area Stringer rosnible Spacing 
Spaoing Breadth Modulus Size Single Lanes Double Lane 
L Wea(l—52.2) 2913.70L 25.30. bed met lenbel-vel94 astimnil-eo4 
51 “ 164,30 po va nat ay me et te os 
50 @ 15.00 7. 
2 * 153.70 10: spate et 19+ 1934 
~ 143.40 | 2nt, 28m 3 36+ 1s 5¢ 
. - 132,50 
o 127,20 
23 - 121.90 1197 
22 - 116,50 €&xlé Bat 29=176+1 42196 wor et: 
21 ~ 112,30 1G YatPZIlH+1 002 L6et2MH356+1 HslH 
20 - 106.00 9et20=10Or1 2192 17at20%& 3404122552 





10x18 (3 = 484.90 snd A & 166.25) 
10x16 (5 = 380.40 and A = 147,25) 
8x16 (5 = 300.31 end A= 116,25) 
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hb WA L-29.9) 327.021 


SPRING LEGLIH 
Por Light Gridge, single lane, leninated deck - 
wW = 74000 1d a = 147 in 2 = 4,50 


nad a= | ctr « heel L = 6,071 


ned A =| 0.21 + Heer L = 3,071 


For Licht Bridge, double lane, leminated deck ~ 





W@ = 74000 1b a = 147 in o = 4400 


nga am| ost + tite L = 9,02L 
Red A= | 0,28 + 3eT-| L = 5.421 


Fer enke of standardization let slightly lerser requirements of double 


lane bridge govern for both structures. 

pquired olesar roalwayss Single Lane - 150 in end Rouble Lane - 254 in 
Assume curb blocks to be & inohes wide, 

Trial Winiewn = Recuired Nequired Trial 
Stringer 3Strincer ection Area ‘itringor veosible coacing 
Spacing Breadth Modulus Size Single Lane Gouble Lane 


ae%,42, bxd natienitlelel33 naeti=ni#Le-b=272 












122.26 Lot 531 59292157 Bat Esl 2209 
109. 44 dat 3221 Dr 2h 52 

279.52 106,02 4eb521 24+ 22 1hk7 Bat35l=24Gr232271 
= at 501 (00222172 Sat 240+ 222262 
ere | Patapnasi 2282 
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. 31 and A & 114. 25) 
81 and AS 102.25) 
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STRINGM WII 
Fer Heavy Sridce, single lane, lasineted deck ~ 
w= 110000 lb B= 152 in ds 4,40 


as F= oat *k = 


nga Ae [0.28 + gle | be Ato 


For Heavy Eridce, double lene, laminated deck - 





¥ © 129000 1b @ = 152 in o = 4,00 





“Rea A =| 0.21 + ne L= 4,981 


For sake of stenderdization let slightly larger requireaents of double 
lane bridcee -overn for doth structuren. 

Refuired clear resiways: Single Lene - 15? in and Double Lane = 264 in 
Awsume curb blocke to be & inches wide. 









Tried Vanimen Required Mecuired Tris) 
| vr Stringer Section Area “Stringer Foasitie Srneing 
breadth todulus Size Single Lene Double Lene 


Ls AL 2].0) 912.871 aeh.98L bx do aAatizalel-t-194 netlemlst Lepeshh 


124.54 8x16 8et23=16/1%199 l4et23=5221196537 


28%.14 109.55 G&x16 8et22=1767142190 15022253507) 4s hh 
ZO.27 104,58 Axl «= Gat2Z1=1E9+13=202 1l6at2l=3 3611 323549 
257.40 99.60 Axl16 Qet20-1801122192 léat20e320112=352 

53 94.62 Sxlé 1201 17et19=323-11=3 4H 
2313.66 89.64 8x16 10atl&=180010=190 1fet] = 724+194554 
218.79 64.66 Oulh Lilet] 7157+ GELVE 19atl7=32% 9=—552 


ey 8x16 (3 = 300.31 and A = 116,25) 
Gxl4 (3 = 227.81 end A = 101,25) 


g 
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BR RMLe point £4 ahelt Be well te tentatively eelect the dack 
an well na tre strincer sige end correspoeding wosine sefore pro- 
deetin: further with the desien, “eviewiae the trial deere treated 
‘Sarlinr, 1h fa a saree thet the 3° by 12" nlank deok regalte ina 
‘metieu: efoetive dace san which ds somewhat low, “hie would ete 
‘GdT1 the use of a Lar-n numbor of atrincera closely sented whieh in 
‘tern would unnecessarily inerense gonstruation times, "he 2" by AY 
‘Verineted foo efforo som im-rovemant in thie reerest in that 14 
soge>sren more strustural stran-th and Sherefore will ravels soem a 
“Peeter Mstanes betwen stringera, Fowever, it ss tie inherent 
@isedvantaces, as -reviously pointed out, of reqiirin- tedicus 
placement andl extdbitin: voor drainace clarasteristics, Cheae two 
diea2verte-c# do not aenear to be outweiched when oowrering the 2" 
by ©” lewirete! a@esk with the 4° wy 12" rlenk deck, Che 4" by 124 
Plar& @ea% pernite oven a wiler letitude in the election of 
Stringer s atines, wich is pertioularly imv-ortant if the ane 
Strineer sostion ia to be used Im both the licht and heavy brides. 
It alan eliainates Ve remaible difficulties wmntioned furin= gon= 
Obruction and service. 

'n oxmeination of the taluleted anta certaining to strinrer 
desicn indicates that tro lazinated deck, beomuse of ite -reater 
ewiity to leaterail; diotributea the lead, rogquires oe ali htly 
gmaller etringer section then would the plank dec’ for the seve 
ottinger avacins. Towever the difference is not of rremt ispor= 
tenee in the Licht of the fast thet stringers must be oplectad 
from e croup of commersiakly avalleble aizes ant will met just 
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satisfy the demands of the analytical requirements. 

ss Pradicated on the desire that ths stringer epacing be in even 
faches for siaplisity in construstion and that the required cloar 
wi4the of roadway be adhered to as ecleasly ae possible, the uee of 
8* 2 16° atrincera at 29-inch spacing for the licht bridge and 22-inch 
epaoinge for She heavy bridce prevides «1 wor'table solution. Though 
Selected for use iv eenjunetion with 4° 2 12° placc desk the above 
earrancesest will take a 2" x 47 laminated deck nicely with only a 
Glicht sarcin of overedesien if circumstances in the field should 
necesaitate. 
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— @ “Pleer=beama - In reoostition of the many veriables which 
affect the Jeainn of a troatle bent, ft is questionable whether a cincle 
atenderdized desicn eculd be devised te meat the requirements of any 
Gite whish might be enesuntered. The wide ranze of bent heirhthe 
which must be anticipated indiestes thet a variety of larse timbers 
sust be provided and uae’ eecording te the demands ¢f the el tuation 
at hand, And thet ie the ourrent preotice. Admittedly a thereugh 
investication sould nreduce some improvement but whether, from a 
Yorinttce! point of view, it would result in a enrdatantial simpli- 
fieation of the afituation ia problemtienl., Mence an extensive treat- 
meant of trestle bent desien will be Misrensed with here and the matter 
of floor-beem desion fer truas strueturen 411) be undertaken. 

 - Phe floor-keeno vill be desirned in the usual mamer ao bears 
eimely eunsorted st either end. They are te suncort the approoriete 
floor aystiea, as tentatively selected in the previous section, with 
the eroper deeion tank for thse live leet, The truso center lines 

W212 be taken as 2 feat outside of the surb blocks end caorsidsred 

the theoretionl points of suppert of the flo¢rebeams, It is eoparent 
that for the fleorebean epans requisite to the double-lane roedways 
and for the unusually lerge loads, it will be improctical to provide 
a sinvle bean to withetand the remualting etresses. Though etructurally 
possible, it io deased inadvisable from a practical voint ef view to 
raeort to a trusved bees or more ocaplex type c? sonstruction for the 
fier oem, Yor this reason tho design cf truss bridme will be 
Vawited to those of sinrla-lane width which, for military application, 
fe not at. all inoxmrropriata. ven in tha onse of Lhe floersheans for 
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the single-lane vridges, a aingle bean will, in all probability, 

be uarensonably larce in section, The ultisate solution say 

likely involve the une of move than one beam at onch panel point. 
+ The desd load whieh the beom or benma must resist will be 
taken ae the deni weight of the floor system in one panel leagth 
plus the estimated weight ef the floer-bean all applied es a uni- 
formly distributed load between pointe cf euprert, Te arrive at 

an estimeted panel length fcr somputing the daad load, it is 
nesessery to look ferward a bit to the vwonfiguration of the truseres 
themselves, Let us aseume thet the truss will be a parsllel-cherd 
Pratt with the height equal to the panel lencth. further let us 
eeeuae that all truce mombers will be fabricated froe sixteorn-foot 
lengt)e of timver. The lencest truss seumber will be the @fegcnela, 
If the lest? of the tiaeonal ia sixteen feet then the corresponding 
remel lenmeth will be errronieebeliy thirteen feet. Therefore e penel 
length ef thirteen feet wili be esaumed for use in the floor-beem 
design. ince the uneut atrinrere cre sixteen feet long they will 
be used as such ard « eide ilep of one ant a half feet at each panel 
point will ecmr. 

Horimum moment in the floorebeam will be computed with the 
genter of rravity of the deaien tank directly over and at the 
center cf the bea@a epan. Waximun srenr will be deterpined Sy plac- 
ing the tank to ons eide a that the coaster cf the near track is 
either tires beem's depth from the peint of aupport or at the 
quarter point whichever is nearest the beam end. If both of these 


pointe tic outside the clemr roadway, the tank will be placed with 
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the treck snug erainst the curb bleck., In computing maximum shear 

that sortion of the dead lead within ene beas's depth of the then- 

retical suprort pointe will be ignored, which is in ascordanee with 
ugual timber design procedure. 





FLOORS AM ATI 
For Light Truss friiee, sinele lene - 
Allowsble nit Stree - f= 1600 pel #120 pet © = 1,600,000 pat 
two beans of equal section at sech panel point. 
Aesume 13-foot penola. ‘scume wind etrepenn to te neglicibla, 
Jealen Load - two concentrate leads of 37000 1b each °A inches enart 
Ream Span - 214 in 


Need welert of one peael - 


o By» ko 

eok 15 x x % % = 354) lb 
etri @xw «x 16 2 4024 b) 
oa ~~ * ye *; 7we oP I 















Equivalent Uniform Load « 


“om Sige = '° prt 
Flexure - 
270% td FPO Lb 


fi in SU oy 


fy, * 42 ppt 
00 A a a A a A hd a a 
| J, 716 in 


Mag, © aN = Hs eee = 280,000 inelb 


Myy, = 37000 x 66 = 2,442,000 ine1b 


U scion = : (Aon + M22) a (260,000 + 2,442,090) = 1,815,000 inelb 


sey = 422000 = 1154.50 in 
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FLOOR DESI TN 
For Licht Truss Pridge, single lone = (continued) 


Sheer - yO ih s7PODO 1b 
64 in 





Wr we AG ppl 
. Vem ta) [Lda / Le/ AALSL/ Coed 
1e*| 130 in is" 


215 in 


Foy, = BEARD = 4520 Ue 
Vip = aot = 41180 1b 


Ypeeign * ; (“ob + Vin) = 3 (520 + tae) = 50300 Lb 


ngs png +m 


Required G and A per beam = 
Read 3 = fet 567.25 ind 


Rad Az An = 199.29 in® 


Try two 12" x 18° (S= $36.95) 
(# 201.25) 





es = 0,84 in 
x i 600 ,0O0O P¢ 51 3.07 
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FIC oe RL SST 
For Neavy fruss eridge, single lane - 
MMowable Unit Wtress - f = 1600 pel = 120 set ¥ = 1,600,000 pei 
Assume three bomme of ecual gestion at aach patel] point. 
Asmrse 15-foot pemmila. Aemme wind stroaues to be necligible. 
Design Lond « two acneentrated loada of 53000 Lb each 110 inches apert 
Beam Span ~ 245 in 
Bead weifht of one vane? ~ 


Deek is « AB x 6 x 40 = 4209 Lp 


: 1l x x "16x 4 = 6259 ib 
and Surbe B + 


Plecr-bean 4% x = % - x _ x40 =) ) a 


Rquivalent Unifors Lend « 


Hon = am = 3 prs 


Flomira « BHOOO 1b 55000 1» 












et |) Sade! Af dat fai E/E LS SL LPL TG 
OTe | = 245 tn 


“H, * Tye = 2s 2 = hap 000 in-ib 


Up), = 539000 x 68 = 3,740,000 in-Lb 
~ Woeat gn = 2 (Mon + in) * 2 (499,008 + 5,740,079) = 0,796,000 in=2b 





= 1741.25 in? 
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PLOON@ GE AY ES 13H 
for Heavy Truss sridge, single lane - (contiaued) 
Sheer ~ 


110 in 


55000 2b OOO 1b 
44 in| 








You, = ESIC = 6090 1b 


Tu = eee > x LAT = 65790 ib 


* ne sign *§ (You + Yu) *3 (6090 4 65790) = 47900 Ib 


‘Se tae — 222 = 593.75 in® 


fequired $ end A per bean = 


Rod 8 = oer dae = 560.42 in® 
Red A= ar = 199.5% in* 


Try three 12° x 18" (3 = 536.98) 
(4 = 201.25) 





* waves ede = 1,24 én 
O00 & ~ 


me, x P46 = 1.93 in OF 
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V. DSIGR oF - wees 

be General - A brief review of the crorrees thus far end a 
Pealicnsent onte the overall objectives of this thesis may be in 
order before proseadin: further, Up to thin point floor syatens 
Gonsistine of weertne ocuras, deck proper ani eurperbineg atringors, 
Rave been suteblinred which will aarry Lhe two alasses of optfonm 
traffic considered ‘eeescary for the conduct of nronent-day miliq 
tery Operations, These floor aystess as seach msv be used in sone 
jJunetion with any tye bridge structure. ‘Ascording to peat 
practice eni experience, the floor systeme would be intented pri- 
marily for wee a6 s couponert part of a trastle bridre, Jones uent- 
ly to moet operations] needs, ib would be necerseery to provide a 
quantity of the tinsber meabers which vo to mice up the floor systers 
@n well os a variaty of ‘oavy poste ond timbers fren which to fabri- 
eave trostic ants. A further objective herein Sk 
sizes of wood paterieln so provided sore versatile in effecting 
streem—crossitgs by devising a axheme “hereby truan brideea no well 
Gs trestle bridges om be senstructed from the aene eacortemt of 
timber sizes with little if eny wernlementery seterial recuired, 
 Asewaing thet esc the laren membora intended for bent *abri- 
satfion, there nre provided 12" ~ 18" tonbers of mibavantial len-th, 
i% hea vee establiered hat theo would aufflee Yendily for floor- 
consist of 2" ty 12%%s, 4" by 12"'s, ond 8° x 16%'s, The inmedinte 
provies then is to determine how thee riees cnn be annloyed to 
eensbruct trusses whieh will be capable ef sarryine the twe desimm *tenke, 
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Prodiavtei on the assuaptien thay the trues mesbere will be 
mace up irem picces whose length is sixteen feet or Loom, it 
fellows that the trussos «ill be teo shallow to »vermit the in- 
eluvion of overhead brnalac. In other words, the use of 1 ocay- 
type truss is mendatory. With a view tewnrd simplicity in fab- 
rieating trusves of various lengthe, it would be desirable that 
all panels have the savee <semetris pattern. ‘his indicates the 
choise of a carallel-chord trues over a brokenechord trun. 

In tinber trucs design, cowpression meubers must be deel nad 
ec colwms, Tonsequently she lenzth ef meaber has a etrong in- 
fluence on the allevable unit etrees, On the ether hand the 
alliewable wit stress apolicable te a tersion weaber is intepen= 
dent of its length. Therefore in the cace cf the web oembers, 
where there ia eon0 olwice of arrangement, 1% would be more ade} 
vantageous 49 have the short menbcre in compression. The rratt 
trues provides this dealrable feature. the short verilos) reo 
members nre primarily in conpreasion end the longer diagenele are 
am tension. For the sent reason, the end penele mast be Mall 
panele instead of the often ueod modifisetion weerein Lhe top 
shord terminates at the lower end panel points. furthermore the 
manaber of panele should be even in any given trues if cowitera in 
the ef panel are to be avoided. As oreviously wentioucd, the 
limitation on the lencth of any individual trues masher fixes the 
panel leneth et apprexim:tely thirteen feet. Therefore the varie 
ation in span lengthe will be in inerenenta ¢f two , ancl len ths 


or teenty-sizx feet. 
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To ez up, the conebu@ion thus far is thet the truas which 
gives the soet promise of success ia ca perallel-chord ‘rett truga 
with @ pene) length of thirteen fect and 2 heieht the seme. Verious 
lengthe of trusees for the two loadesarryine capacities will be 
investirated scemmnaing with a fourepanel truss and inereasing in 
length two panela at a time to the croatest prastics] aran, 

8. Strese in Members = freliminary to attempting the design 
of any trusa members, it aisht ve well to deternine in censral what 
‘the magnitude and range of desion streases sre in the various truss 
menhere, For thie purvose, primary strenses in trucsee enennins 
from 52 1%) feet for beth lead clessee will be computed. Dead 
leed stresses will be determined by epplying the deat weischt of 
ome-half ea floor vanel and the estinated weirht ef one truea pane) 
@8 & ecnecentrated load at each lower chord panel peint. Live load 
eqpemes will be calsvlated under the assumption that cnly one desicn 
tank is on the brides at ome time, It will be positioned laterally 
with ite treok flush te the curh blosk te pro luce nexivur floor beam 
renetion and longitudinally along the truss go thet the strees in 
the seuber under ceneiierstion is a mexissm, In those membaro aube= 
jeet. to reversal of stressee, the counter atrosees will elisa be 
deterained. Ganpers to on earlier atatement, wind etreanes will 
not be computed beeauce it fa belleved thet they ere of comparative- 
ly minor coneoquence, Impect strasaes will be token as thirty ver 
vent of the maxim live load stresses {rreareative cf the lenrth 


span lcadead to produse that tive load atress. 
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PRUSS LOADS 
Por Light Truss 3ridge, single lene - 
Deed Lend Panel Concentration - 
Fleer Syatan = 5.2 bk 


Trasea (estimated) = oe 
oO kk 


tiwe Load Janel jJonsentration - 


SVOD Lb 57300 Ld 
«< 215 in 


R= aa = 45.9 & 


For ileavy Truss Sridge, single lene - 
Bend Load Ssnel Sonesntration - 
. PYeer System = 7,2 & 
Truse (ostimated) ern 


Lave Lead Panel Ccneentration ~ 
* - 


5 Lb 55000 1b 

















WME «Thissts 
fer Neavy truss Iridge, single Inne, 52-foot apan - 








YEXORA srreaces 
For Licht Truss fridge, single lane, 78-fcot span - 
Dead Loed Stresses @ 





9) +20.0 +32.0 





411.5 ors. a 


el ctresses - 
pad and Live Load 
9302 =104.9 


eh ee wn 









2.4 : 6.3 %, 92 





WEMBLA STRL2SC9 
for Koavy Truss ‘ridge, single lene, 78=feet, span - 
teed Load Streases - 





0 | +27.5 2 +Ah 0 





o ~ 402.5  *131,5 
Live Lord and Dead leat and lepact 
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MEMNSA 3TEAS89 
For Light Truss Bridge, single lane, 104~foot span ~ 








*63.2 4116.9 4186.1 
Need Load and Live Lond end Impast 
— at) 9 ws °) | 


_ wf fi of 








991.7 | & 8 45.0 
ied s4.9 120 


h.9 5 : 
3,0 4 ] 


O — 480.3 | #157.6 : 4171.9 
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SPP aR *snes 
For Neavy Truss Tridge, single lone, 104-foot span - 
Bend Load "treasen -— 











VONNER STReass 
for Light Truss Bridge, single lene, 1%-foet span = 





























120.2 -114.8 
39.0 265 
é "a 5 so ad Ae) 
8 Qa4 
“F96.5 +1162” 
Jtreeoes 
2.4 =22.1 -%3.9 33.1 = 
— . ) 
415.6 +1 3.7 | $9.8 
2.0 | $09 “Ko 
| 5 
| 0 +3301 
Desion Jtresses - 
Dead Load and Live Load 
= | fe. 137.5 180, 5 =206,2 2714.8 
: | : 
#738 | *36.0 58.2 
5 Ne 








Me ONT 


+100.5 ro 
. -29).3 =249 2 


Tl 3 : 4137.5 
Dead Load and Live Lond snd Impact 
. -159.6 | ~209.4 








483.0 
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*29.9 





WEAR STRESSES 
For Keavy Truss Bridge, single lense, 130-foot span - 


Deed Load Stressea - 
.% =f 0 


+35 .9 23); 























Live Load Stresees - 
, fa 


impact streases = 
= =-} : - ~%1,6 


+2225 
2.8 







0 117.8 





Besign Stresses = 
Nenl Lond ant Live toad 












nt PTY =193.) __ =889..9 
4104.0 +792 
4s 
-f 32% DOO 
3,2? 
6 ¥1n8,7 4193.1 +953.5 
Deed Load and Live Load ant Impact 
18.5 . na nS Y  ) 
+178%.8 #151,3 #1°3.5 
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9. Desten of Members - The obvious Piret thoucht in to epoly 
the teahntieuse of uedern timber truse feaien uelne orlit ring tinber 
eénnestore to transfer stresses at both jJointe and eaplices. A 
Gharecterintic feature cf wach a deaten ia te aaks the shorda out 
of continuous one=mnisoe mombers as long as praatieelly possible in- 
sertin: anlisces hetwesan cane] polnta where necegomry to rain the 
required total lenrth, for the mernitudes of the atresses involved, 
Ht fe moth difeieult to enviaion seinte with en extrecely larre num 
ber of eriit rines, end frecnent apliees in the chorde slee with a 
eUltitude ef connectors, Such e desicn would entall numercue filler 
bleeke and anlice blocks end would also require exsetinge and tedious 
preesration of the indivi¢uel mambere for eraction. Furthermore 
WEEK the use of exlit rings, it fe heeesenry to position all members 
meetine et s joint simmltenecusly before beltine us. This praeticale 
Ly peeersitetes prenesembly of the antire truan on the ben end 
tense ewin-ing 1b an A comer lobe unit into ororr-etreas position, #hich 
4A Pteelf mieht reer eo emior wroblem, (in# Pinally, because of tke 
Anterpevel-rcint aplicee, sueh en errancenent does not len? iteel? 

86 dSLinsetion cf @ welledefined bseto truss mi! eny soeber of whieh 
@ewl4 be aut Lowe ver te -revids treeser of varying spens. These ere 
the arrumerte whith point up the need of flevining a wore advantareoud 
denien ef tho sesbers 074 the aminor in witch they cen be comneetod at 
the joints. 

~ & ponelbie solution which aftorte eensiderable imprevenent is the 
Use of stool cusset biates et the Setnts. Vinca, ae ereviously pre- 


‘etmed, the indivi duel truse @eebere will be wade ul of tisbor pieces 
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no loncer then sixteen fect, tie sheel rlates permit the terainae 
tion of each wood member at a jolnt and thereby eliminate the 

need of aplices in addition te joint senncetiens. Also sag penel 
with ite wool osubere end eussct clates becomes a ant! te which 
een de addel sicilar wmite in tandes to srevide radaptaLility to 
éifferent. swan leneths. In econjwnetion with the wae of steal 
gusects, it is neceseary to eanloy shear wintes an the wana of 
transferring stress from wocd to steel. This devise itself offers 
@ further nivantaze in tat wham it is fostelled it is flush with 
the fece of the wood ceaber ant does nat protrude Llizs the split 
rings Thus a joint any be sertially seoltted w and the reamining 
mombers cant be slicred into olaece between the ,useat ‘intes at a 
later time im the erestion without any diffiowlty. % dcadventare 
in usice eteel at the joints le thet it does not have the ability 
o guccensfully wit'stand hich stresses of short diration as does 
wood. Jonse .uently thourr an ineresea of 1OO per sent in allowable 
etroas ia rersitted for impact loade in wood, the allowble strees 
fm stoe) is unetanced whetrer dealing with imoast losis or bt) ose 
of leng=ters duration. It raseine to be seen whether this eituelion 
will cause any major trouble in obtaining a euitable design. 

In order to mect the requiranentsa of varying etress onvacity 
in the different truss mawhere ard at the sane time renlize etendsrii- 
@ation to the maximum extent, # single wood seation severe! of which 
could be febricnted side to aide te afford different load orpasitios 
Weuld offer tha ‘deal eelution, With thie consideration in sind, 


preliminary wenber desicns wre atteapted employing several basic 
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timber sections, At the eutaet it seas iiseovered tat the sonneo- 
vions required 2 ommparatively large nuaver of ewar yletes. In 
the interest of caintaining « reesonably email pusset plete aren, 
two rows wf connectors ijnstesd of a sinzle row at the ends ef the 
meebers was indiceted. This automatically limited the basic meeber 
to a ainimua width of 12 inehes (nominal) to acsowmodate heinth gt eor 
plates, ince wewbers of creator width are more liffioult to obtain 
dm quantity, various ti icknesses of l2-inet rinnts were Sirat in- 
veatigetot. Freliminery anelyaia resulted in the following conolu- 
stens. The >" by 12° 1s etrueturally teo senll., Tre 3° by 12" , 
because of ite bigh b/4 retio for the lengths involved, resulte in 
the compression acebere veing jtesi ned as long colume with acneae 
quent messer allowable eatresees., The 4" by 12" produces en inter- 
meadiete colusn cendition for the sep everd end vertirale aad at tre 
seme time bes 9 load ospacity suall enowh te mekea multinles of the 
dbagio woeber siastable te eae wide renge of truss etrene reguirese rte 
without unreasonshle overdesipn in any -erticuler sitastion. Purther- 
mere, wecause of the fret toot the 4° by 12° is atructurally feesi ble 
ent also is the enue sestion from wich the deck is cenetrasted, it 
ie 6 exceptionslly Cevoreable choice froe the logistics] sonsideration. 
The preliminery computations slsa rasulted in two additional 
senelusions Wrich sre incorporated in the eubsenuent e@eler desir. 
The 4einch cheer pletes as patented by the Vimier ingiveeriag Jneoeny, 
Teahineton, °. c., hwve central huds to take either three-fmurths 
or seven-eie’ tis inch volts. ovever the inecrernae of Fifty rer sent 
in the ehart value of the siwer «late «hen designing for eexienu 


loads of iesa tien five eimutes duretion ceusea atenr $n even tre 
Wy) 
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eeven=sightha inah bolt te be eritical, In order to fully realize 
‘the highe? lond cefarity cf thw sheer plate it 18 neceseary te in- 
“arenes ths volt sige to one insh, This in turn provides more 
sonra se between belts aid isnet clates and conmeqvently cer- 
Mites the une of thimner plates than would ctrerwise he resulred. 
Aigo seme found dar ing tho -roliminary investipation thet a req 
dustion of tha parallel to erain apncing of shear »lates to the 
einieun 5 inches ie advanteresous jin reducing th area of the pusest 
pletes, The sontroetion of the seecine to the S<insh @dnimum is 
pe at the ex-ense of reducing the lond value of the sieer 
eietes te seventy-five per cent of teeir full value. ince the 
ahenr Wloves cocur in 4wo rows and on beth faces ani ere t>erefcre 
seed dn even sltiplea cf four, ths sentrasted eecing in some 
eases ts not regaire ang increase in the nonber of shear pintes. 
aan th S<ingh opesing adaés another forture of uniformity 


in the overall do@ign and thue siwnlifies the boring of bolt holes. 
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vergen Gola 
Allowable Unit Streesee: « 


Weod - 

Tension serallel to grein {t) 1400 ped 
Gempression parallel te «rein (ec) 11S) pei 

| Modulus of elssticity («) 1600000 pas 

“Steel ~ 

Shear for unfiniered bolte 15500 pai 
®earing for unfinished bolte 28125 pai 
‘xiel tension on net section ZOO peli 
Vompreasion in guseat plates 24000 pei 


all members 4" x 12% (a = 41.69 on tn). 
1/2" eusset Slates throucheut. 
— snoer plates with 1° bolt at 3* apecing throughout. 


Load ebart valve of ons A" steer relate (wood-to-2etee!l) 
for angle of Josd to grain O degrees 
6.56 k 


Inereseed sapnroity of ene shear slate sren desimnine for 
dead lead plue live load 


6.56 x 1.90 = 9.84 ‘4 
Reduced expacity of one shear plete at 5" spacing pareilel 
49 «rain 
9.84 x 0./5 = 7.38 4 


Yalue of cne 1" bolt in single shenr at. the two faces of 
_adjecent cusaet plates 
2x 0,784 n 13.5 = 21,20 & 


Value of one 1* bolt in bearing on half the width of two 
aliacent eusect plate 
@uixie 1 « 4.135 = 14,56 & 
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K 9,702 / 77 = 0.702 fat ; : 

Kg= 1.5311 § = 1.5611 x 50.45 = 48,2 

Kis 1.7390 © = 1.7320 x 59.45 = 52,8 
= 1 48.0 

ir 


Aemm specei colwen with ent cendition "b"; therefore coaicn 
ag intermediate cclum. 


= ef 3 gi" = 1150 © 1,50 E -5 (B30 4] LNT lend 


Try two rows of 5 shear pletes each in both frees meting & 
tetal of 12 shear plates end 6 belta. 


A. Jaracity due to compression perallel to crein jin wod: 
41.69 % L472 = 61,4 k (OL + LL) 
Be Japacity tue to load value of shear plstes: 
| 12x 7.36 = Mes k (04+ LL) 
3. Imracity due to belts dn ehoer: 
6 x 21.20 = 127.2 & (db + LL + IMP) 
De rs due to bolts in bearings 
6x 14,06 84k (DL + Lb + DMP) 
©. “Gapneity due te cowpression in 10° effective cuceet widths 
(10 - 2 « 2) Ke R MOE ONS k (OL + LL 4 INN) 


Since limiting capecity of 84.4 & (OL + LL * WW) exceeds 
limiting eapacity of 61.4 k (uL 4 it) by mere om OU, the 
letter governs. A uinimus cf twe besle seabere ost be need 
to setisfy the requirement for a epacsed solwan. 
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Bottea chord - 


fry 2 rowe of 4 shear pletes sash in both facea waking 


he 


5. 


On 


re 


a total of 14 shear plates ent 4 holia. 


Sapeaity due te allowable stresa in wood at iatereediste 
seation: 


41.OQmi.6 x 10 = 100% (01 + LL) 
Yspacity due to allowable atrees in wood at set sectien: 
(41,59 - 2 x 7.3) to 284.4% (0D + LL) 
Maracity due to load valve of shacr rlates: 
16 «x 7.38 = 119.1 & (% + LL) 
Japasity due to bolts in shear: 
8 « 21.0% = 169.6 & (%% + LL + IVP) 


japesity due to bolita in beering: 
& x 4,96 = 112.5 k (9. 4+ LL > TP) 


Japreity due to tenafior in 10" effedtive enaset width: 
(10 = 2 x £2) Sh £ A7eOm 106.5 k (OL + LL + THR) 


capacity of 8 (DOL + LL) by only slichtly lese 


ee Limiting sapnatey of 105.3 k (DL + LL + Inv) exceeds 
Limit Ak 
tran 





soneider the latter cgoverna. 
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oLus an vite end condition *y*; therefore design 
ponfeopyatte nets! 


sapaaity tue to compression rarallel to ¢rain in woods 
a 2 Ge b- mise 


ne 0 WAR $506 be (OL + un) - ae 
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MEMBER DESIGN 
Verticals - 


3inee main stress in verticele is compression, the same 
basic member as that in the top chord is used with limiting 
capacity of 61.4 k (DL + LL). Novever tensile counter 
stressen may be developed an@ therefore its limiting 
capacity in tension must be determined. 


A. Gapacity duc to allowable stress in wood st intermediate 
section: | 
41,69 x 1.6 x 1.50 = 100.0 k (OL + LL) 


B, VJapacity due to allowable strese in wood at net section: 


(41.69 - 2 x 7.34) x =" 84,4 « (DE 4 Li) 
3 


>. Capacity due to load value of shear plates: 
12 x 7.58 = 88.6 k (Db + LL) 


D. Capacity due to bolts in shear: 
6 x 21.20 = 127.2 k (DL + LL + IMP) 


E. Capacity due to bolte in beerinz: 
6 x 14,06 = 84.4 kh (DL + LL + IMP) 


F, Capacity due to tension in 10" effective guaset width: 
(10~ 2 x 2f) x xX 27.0 = 106.3 k (DL + LL + Im) 


Since limiting capacity of 84.4 k (DL + LL + IMP) obviously 
governs, eliminating the impact portions reduces this figure 
to a limiting capacity of approximately 65.0 k (DL + LL). 


oN 
Cv 














aman 


cortvmanent de Vie ah Maver amen =) Moma ak” 
Pea ie) oe ee 

a * 

m* hed o(ki 2 Remms 


me Ey LY OL sat 








pet area & 
paves Tema 2 






s aan 


sae ys 





o- 


4% . a ‘re em osm 
atoeda 4S sD. Ut oe hd ted ad aed 


Number of basic components required for various trveg mombors. 


52efoct span 
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A ra 
78-foot span 
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130-foot span 
ie 





REAVS CRIDSD T2usezs 


Number of basic comnonente required for various truse members. 


52-foot span 





78-foot span 
2 4 4 





104-foot span 
aaa 4 4 4 
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| Truse Deveile - The protles of the trues deuien ie 


completed at this point, It rewmine to detersine the 
2 of Pebrination, “Wiret Ivt us conetiter the lover crore 
yt late (Fir. 5), 1b hee been determined whet all eneeete 
PO eta ‘Therefore only ite erepa end 

schedule 4 now reehired. M1 lower chord jointe are 


tnatead of one, Tt is imprngtisel te nttempt to heng the. 
onte thea vertienlas so trey met heer direatly on 
) of the lower emord gusnets. There wil) be a floor Senm on 
- oida of the varticn?, Wenseqwertiy Um pumsot beast, ined 
nl Lop edge biel sxhanéa at ceget fourtewn te siateen 
eyes the edge of the vertionle. fe @ rseult it je 
abie to Lens {ig ccifipuration on the center jofet with two 
la dna for stend=-lication to use the same olnate et all 

F aeerd yothua, -* 


Bext Ve the eonnection of the Pleor-beees to the trusses. 





Im the cese pf the Mgnt brides there are twe 12° wy 18" Floors 


ry 





beses which lie on aither aide of the vertiosisa. for the heavy 

tr itee e third 19° tw 18" elton fowr between the two cuter hemes. 

with ite ands fecing the tertienls., To efford a aettetactory 
beerin- ourfnse, ‘@ Usthawed telf ineh otate (Me. 4) thet sline 
around the fertieal on bearers oa the top edres of tho lower 

qhord cusests is pruvilded. ft is held in cosition by aanll ang lea 

thet secure it to the -useets. The olnte has a sufficient witth 


; s | . 
on the ineide of the verticals te seat the middle floor-beme in 
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r axeept fer the center joint Weare there are two diggos 
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Fis, 3 Typical Lower Shord Joint with Stiffeners 
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Fic, 4 Floorebeam Bearing Plete 
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r bridge. in trewe instance «here the bottom chord 
the Wome total Miaimesé te the vertiasT It te Meceesary to 
tue e@meles to the ineide face of the vertias] te =revide 

















Pfemd seat errencemmnt. ehore the ocktes clerd im wider 
the wertionl the faterier rusact supports the oret. for the: 
yt Rosesbess,, 

The urper cliord joints ere wleo ell alahiear with the ex 

a OF he center joint. heain a single sueret. (Fig. 5) 

| Be uned th the ——. ef uniformity deepite the fast that 





Fill of umevesency proLmieione @% the serte: ent and joints. 
 @mntion Une @eperfluens portions sould be Serned off If 





it ye Snel cad to tarrove he aprearense Of tha etrusture, Though 
: e...0 : -— 
= Mets of ths juaset le highly irvecubar and will be expensive 


) art out, tit is Weened edvantareoun to ualte 1% #0 end theraby 
wba its =wichs. 

The basic wecbers are ghow: in Tir. 5. All trust Weare 
gubject te compreseivea stresses cequire syacer blocks cf soma kind 
— @t the aenuter between each of the bario menheors., The blecks are 
: nett coo lose L, tog bolte eni osuase the component mecbers of the 

mpneed sotuem Lo aot $0 wmeon ater Stress. The suneer blosrs 
wny be either of sood planed down to half ineb thickness or a 
hal f<ineh drilled steel] strap. he top ectord and verticel membera 
ere primmrily conpression memhera; 90 they resuire seaeer “locke, 
| ‘Bitiee some @Aagonals are subjact to counter cimrreselve elreases, 
they toc #wwle be @rilled Sor avacer bloo® te)hie, he bottaw 


Ghords cf the eal ofiela tXmerelionlly beve Ao etrees. lloesver 
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Pig. 5 Typicel Top Chord Joint 
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Fig. 6 Basic 4" by 12" Components 
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because their cecondury stresses might be eoapression, they mat 
be previded with epaser blooks. The conolusion io that in fubri- 
ontion all beaic members will be drilled for two bolt holes at 
their sentere;s ten after orsation all trues wmbers sxsecting 
the tmterior jottom shord will be fitted with epaver bloewe. 











that each to ehord venel point fo laterally oa rorted to s revert 
Buskline. Leters] evpport san be provided by extending one of 
the floor-benns throurt and beyond ths trues ableut seven feet 








a4 then installing e 6° by &* brectin«e strut from its eni to tie 
WOr erord. Phie arranwéeent can be eécoeplished conveniently be- 


eames of the aouble Motr-haewe, The 12" wy 1°" on one side of 





the vortierl in erte-ded thron-h the rigit truss an! the otter 
12” by 184 throve the left trues. Thus the saxinew leneth of 
floor-bean neadead {a she centar-to-renter esysing of the trusses 
flue seven fect wherene 9 einele piece Floor-beam would imve te 
be extended *t Lot” ende and besides being huge in seeticn would 
Oe e¥tremely tone. For the hervy bridge the longest Cocr-imam i5 


the crososed devirn ie a 12" by 1°" twerty=six feet long wien ie 
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VI, SUMMATION Uap SCOTIMSTONS 

Tre problem involved in this thesis fia an evaluation ef the 
military timber bridcee recuirnmects for the J. %. rinse Corps end 
the evolve ent cf a taliberete olen by which these reculrenenta can 
be moat effectively reat. The evaluation ic intended te anever t! oe 
question of weet different timber bridres are nesded with recerd te 
verialdon in lead Iinits, typo of oonatruction, number of lends and 
anen lemeths, Thence the plan for satisfyine the reoviresenta en- 
compaseen the Josion of #11 the easential strvaturas sith sreefal 
attention to fasilitetin= their creouresent, supply ead ereetion by 
means of ctenearfizelion ond uniformity, 

~The objestive as oriqinelly stated ia “to eredesien es fer as 
practicable the semi-pereanent timer bridces wick are moet comm - 
Ry emiloved by the ). 0. erin terra in militery enerations aetvori- 
ane to th vervin dewend of trefia ompeestx, loed ca ecity ant 
@ite condiliens; x8 te tetercine Lhe extent to wiih stanterdiention 
ef ecnetruction ‘eteils, etructurel deeien an! commonent mnteriels 
required ia feadibia.* | 
A study of the bri los requirements indicated tie’. the type of 
construction mess freausntly needed is the timer trestle bridge. 
On Snfrequent ceaasicns where the cits preeludes tho instebletion of 
@ timber trestle oridee, © ticber trues brides would be profitable 
am avoiding the on of a more ayecializad prefobriceted metel brid-e 
guoh es the Eriley, Tt was further concluded that two different joed 
e@apneities sould miftice to provise parea-e for all cenbet, vehiolee. 
The lighter capacity, nowtnally 95 tone, is dered on the #8 typo tank 


“rhs 





i ae ey, Seat 4 4Y 

td Ne mi mire re et elradi 4646 0! tate) me lterp ee 
me ee ee ed omer ele eee rep i hte 
oo: eeeendeers awl) Git we ed Movie 4 01 Geen ere ee 
-— ome 0+ omen 6) ele tan of) cére steele eran ad 
ee 
eee | 6 mee bearer Se srs id tal! on! of om! manee 
—— oer add wedin wena ec! a bide’ aoe 
(pie die commence /ehimenwe of 134 Wm mk OL! Gea 
Co Cele ee  Comrevam, (Sent! pe Ue sie SAPD 
ee 

ee ee ee i ee 
ee ew os ake ver ite seeks dents RY, 
ems emtmremes ccstilin of om mire bt ww ot Gere 
ee ee Le 
ee ee 
HTAOkees ee replace Hemmberehy oblinww mheheinern ae 
a ee oe 
eee ew cer botettens comenionn nore ao A Meh 
myhees cheewes comnts cow ol Rotem piper) orm element 
VE ORAL) ont wemmiomey erty wht emt mew) Rima a 
TAROT ey OF See mec coer reid © eres elivetl rm. | 
APE tetee tote tanatees sectforenm mare Ve em Aki aithtove al 
ee ee ee 
Fe ee ll lll 


sa ee et ences ar jm a qiilemhene -edlewnes waned! 
. 4 
























































, 


no the limiting lord, The haavier carecity of soproxiuately 55 
tons vermites -eaenre of the MS tenk aa tho most severe loa, 
Berardiins the mimhar of Inna it was decided that © sinsle=lane 
rosdway fa thy mora asual requirssent but the jemand for a Jouble- 
lane roadway (8 frequent enouch to warrant ite inclusion in the 
dein. 
«The atteck of the desion mrovlem was sreceded by the forau- 
lation of the cesien eriteria which would sovern, The #4 and 26 
tenia were adooted without apcreaiable change as the deeicn ve- 
hieles for the light end heavy bridges, resvectively. Sased en 
tHe actual overell widtha of the casicn tanke and arbitrerily 
Shonen clerranees, the required aleer siites of roadway were 4de- 
termined to be twelve and one half feet for the einele-lana Light 
UFifi¢e, tworty-two feat for tha doubleslene lirht bridge, fifteen 
and one belf fest for the sinele-lane heavy bridre end temty- 
alcht fest for the double-lane heavy uridee., Tre allowable unit 
atressee in wod were selected with the aim of safely utilising 
the anfjority of strese@rrades of Muthern Pine and Douglas fir 
Vaabor. ¢n enalyeie of the loole of various duration in conjune- 
tion with the atte dent inoresnes coearmitted in nllowble streas 
proved that 1% 1m nate to base dealin on tunethirds of @exiaum 
deed Plus live lead unine the basic allowble streaess ant tmpact 
@an thereby be icnored., The sllownble unit streaens in cteel 
were selected from Yertinent epartaent of the Arsy publimtione 
and for wilitery application are aomewhat moro Liberal than thoee 
ecorrasvondine in eiviliean proetice, 
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«Tn general the deaim computetions followed the sonvertions! 
progedures of accented ttisher engineering. The only unique feature 
of tha design procenn wes the judicious selection of manber aeotions 
to Sromote steniordization wverever possible, The initial atep wea 
the determination of the mrximm apan for decks consisting of 357 by 
29" planks, 4° by 12" planks and 2° by 4” stripe laminated, Thence 
genernl) expresaions fer the revuired section modulus and area of 
strincere on a fifteen-foot epan for structures having plenk or 
Inginated decks gnd one or two traffie lenes were formulated. ‘y 
the use of these expressions sou-led with considerable triel and 
error, it wes found tent the most advantageous combination of deck, 
etrincer section end stringer seacing 1a a 4" by 12" plank deck end 
8" by 16" etringern at enecings of 26" ond 22" for the light and 
heavy bridges, respectively. Thia means thet all briages within 
tha seore of this invastiration, reygardlieas of lami co easity, number 
©6f lenes or type of construction, will eve the ecxnot seme ceok and 
thea same alze stringers. The only differenes in the light and heavy 
bridges of either width and any mode of construstion is the 6, agin: 
The dacion of the trestle beete would »eve been tie locicel 
wWrusturs] component to investigate next. Nomrver it wes felt that 
Che wrerrous varinbloe cffectin their desi¢nm rave little promise 
ef rprefiteble standarviretion. jJonsesuently the currert | rectice 
Wf eroviding heavy tinders of 10" by 10" chee aad larger to serve 
“as Bills, poste end cans “ns eccapted witioub any attemt at in- 
“provewent. Thus the efforts towrd standardization aa sight pertain 


76 
















——— fle ieee ee sr 
oe me et 9 T peetewenhe ee pete boda |e sey 
ee ee he mr tetee ere a re cee! ek i Be 
a emt we ks eee corene) etteesiiveeer ahem af 
— Amel ectuee cc Cee cos |) @ 'S ceeede BE 

ee ee 

Se ee ee 

PT 

Rat berm) Bp Ren tmmme apts teen emmtmemnr « cml Ve cmmhte 
ek Fd tte tees eee eine 
ee ee te ee ee eee reins OS a 

















aontinuevioa ef the design efferts inte the semonents of 
uirusture sas undertaken, Becruse of the unreesonadle 
wecticns that maald ve required far floor-bemis in doudie- 

me true? vriiges of tet light ee well as the tewavy Towd secaaity, 
7 1 Gf Lruse bridges waa limited to those of sityle-lens 
only, The investigation of floorsbeses resulted in the 
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don of @ 12° wy 13° as the most azerovriate section “or the 
pome at band. Utilizing two ef these beans par cenel -oint 
a em requirenent for the lipht truas bridee ana 
demas of tne emma seme sectien serve the purnose in the 
‘uya brides, Thus only one size timber is rewulred to per- 
Cunation of the Pleor-beas in either the lip . or ‘aavy 
bridce. ; 
ns YO Senin a8 Af0 merious Langit tmesss Por bot the 14 ht 
pen ne offering she mwah proving colvitien 14 0 MI? yarsttets 
chord (78% 1th thirtennefoot heipht ert wanel lenrth, tb east 
We pated 2th mapleying Uw “wevicusly selected otrinosre on 8 Le 
foot sverter scan vesuite in a #lirht deeree of over Weign. Mowever 
4% seems resscapule vo serait design eecneny to five my tc the is 
Benda of atawar/isation to thie extent. be ime 
. Siker detemsindng the etrceses in both light wu! Mmevy trusses 
| the plan of weing a single basic seotion throughout #1] trusses, 
The plen Sewtures tha use of basic component pisces vite by wide in 
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a number svflicient to meet the required meaber stress, Steel 
gussets cn the o«teide nnd between each of tie semponent pieces 
tramemit the straeses at @ joint in senjunction with the use of 
sheer clates an comectors. Me basis scclLion Tinally eslested 
fen 4" by 12° whdch entails no advition to items elreniy eappear- 
ing on the cnemosite bill of emteriala, for i te the very eame 
section “ound in the teok, ince all trues embere can be de-~ 
rived from atxteen feet pleees and the deck of the heavy bridze 
ie vixteen feet wide, 4° by 1?" by 16! pieces may be previded 
and uses indiserininetely as either dec planks or coaponente of 
trues mesbers in sither wirht elassa bridge. 

‘The Limiting values ef the 4" by 12" basic viece used as a 
componmnt of top chord members, bottom chord ewebers, vertical 
members 2n' diaronal sesbers wore esch deterainad. Terence the 
deaion of any trupe, light or beavy, short or long, consistn merely 
of dividing the sewher etrees oy the apriiomble iimiting value of 
the 4" by 12° basie cleee to daternine the asics emeber revuired, 
In order to evoid joint eoce>tricity of unknowm effect it is 
deemed advienble to use the basic comeonente in even multiples of 
two. 

Three different steol ylates, ali of halt inah thinemana, 
ere required in adiition tc tho wood sember to comniete the trusses, 
One plete serves na the lower chord guseet, another is the upper 
Sher’! <ueset and the third ‘5 a bearing plate for tho flooreheass, 
These plates nerve their purpone in eitier tie light or heevy trues. 


‘mother ‘eeature of standerdizetion inserporeted in tho truee dosim 
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, | 
Voie sm Game wes Abb apqreee of tus provenae tellens 
‘T% Le the opinion of the writer byet the Culfilieant of 
Origgrwl cljective ia by mo mums complete within the severe 
sia tour ouneidwraile crowress toward ite attainment 
@ hich arn Mow! sommOnly Ber loyed by the 0. J. Merine Serpe 
} are wtveren) deteile which) etill emamin tc we eet Gow, For 
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> Sererding the trestle Uriderw, © Meeien of bette fer 

8 reugee in hWiperth @heuli be Sivmed up iaserrercting whet- 
fogree of w\emdardicetion fmesitie. Io the s2n0 of the truse 
welintwotory Agtrile of the treeo beoringe ore yeh to be 
wereeéd owt. Wh regerd le 912 hrideow, herdeare requirewnte need 
to be Tized, comlete detailed drawings mede, bill of asterinies 
‘tammmreted om erocticn echudules Jeviand. 

The features cf sloamleriisation ~opkiined in the eroposed 
Beslene arouer to rOcreeext come oFoyreee 3m th oTublae of emeoly- 
ing ® <tntmun nbegber of 4ifferm:t tiaker wtees from wich « verlety 
08 bridge stratturos sould Me erected. Yor # fiver efliterys opere- 
tion in wich stresm-crossings are eaticio@iel, the Urllowing 
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materiale could be provided: 
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q--}, ore 
holta, drift pins, ete. 
With these @atertels the engineer in the field, using the prorosed 
| would be sepable of weeting « wide range of bridging 
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ainer XArtere ineluding nails, 
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